NaCi, KCI, and sucrose at equiosmolar concentrations had similar inhibitory effects on photosynthetic carbon metabolism by the freshwater green alga, Chlamydomonas reinhardtii. Inhibitory concentrations of these solutes altered the products of photosynthetic "4CO2 incorporation, resulting in reduced incorporation into starch, sugar phosphates, lactate, and glycolate, but caused an accumulation of glycerol both intracellularly and in the medium.
Some species of green algae thrive in saline environments because of the intracellular accumulation of metabolites which provide an osmotic balance with the environment. Glycerol is an important osmoregulatory solute in some halophilic green algae including Dunaliella, Zooxanthellae, Asteromonas, and also in several halotolerant species of Chlamydomonas (see Ref. 3 for a review). The accumulation of polyalcohols, sucrose, mannitol, and glycosides in response to osmotic stress have been reported in other species of green algae (3) . Although this accumulation ofosmoregulatory metabolites is believed to be responsible for halotolerance, it has not been determined whether species ofgreen algae which are intolerant of high salt conditions synthesize these compounds in response to osmotic stress. In this communication, we report the synthesis of glycerol in response to osmotic stress in the freshwater green alga Chiamydomonas reinhardtii. The effect of this stress on the distribution of "4C02 into intracellular and excreted photosynthetic and photorespiratory products has also been examined.
RESULTS AND DISCUSSION
Chiamydomonas reinhardtii (UTEX 90 from the University of Texas at Austin) was grown while being aerated with 5% C02, harvested, and photosynthetically labeled with H'4CO3 in 6 mM K-phosphate, pH 7.5, as described previously (13 When cells grown in normal medium were exposed to salts or sucrose, equiosmolar concentrations of KCI, NaCl, or sucrose had similar inhibitory effects on the rate of photosynthesis as determined by the rate of photosynthetic 02 evolution at saturating CO2 levels ( Fig. 1) . Inhibition was observed at greater than 100 mm sucrose or 50 mM KCI or NaCl. The similarity in inhibition of photosynthesis by these three solutes indicates that the inhibition was due primarily to the osmotic potential of the solution. A similar result was obtained by measuring the rates of "4C02 fixation (data not shown). Inhibition of photosynthesis by Chlamydomonas has also been observed earlier by mannitol (4). The extent of inhibition of photosynthesis by varying concentrations of KCI and NaCl are also similar in magnitude to the concentration dependence for the inhibition of cell growth by these salts (6 Glycerol. There was some excretion of "'C-labeled glycerol and glycolate by osmotically stressed C. reinhardtii cells (Table I) .
No other "'C-labeled compounds were observed in the medium. The levels of excreted glycolate were markedly reduced in osmotically stressed Cells (Table I ). The decreased level of excreted glycolate in stressed cells was in part balanced by increased relative intracellular levels oflabeled glycine and serine, products of intracellular glycolate metabolism. We have suggested that glycolate is excreted when its rate of synthesis exceeds the capacity of glycolate dehydrogenase to metabolize it intracellularly (14) . Because glycolate is derived from ribulose 1,5-bisP, its specific radioactivity is indicative ofthe specific radioactivity ofthe sugar phosphate pools of the reductive photosynthetic carbon cycle from which it was derived. The specific radioactivity of the excreted glycolate was considerably higher than the glycerol that was excreted (Table II) . This indicates that there was a significant contribution of unlabeled metabolite pools to the synthesis of glycerol.
Only 8% ofthe total glycerol that was synthesized was excreted from the cells after 30 min of photosynthesis in the presence of 100 mM KCI, although this level increased to 26% after 60 min (data not shown). Based on previous measurements of internal cell volume (10) The mechanism by which a change in the osmotic potential of the medium signals the induction of glycerol biosynthesis is unclear. The induction of glycerol synthesis after the breakage of dormancy in yeast spores is due to the cAMP-dependent regulation of glycerol-P phosphatase (9) . In Dunaliella glycerol-P phosphatase was found, but little dihydroxyacetone-P phosphatase (12) . In crude extracts of C. reinhardtii we detected little glycerol-l-P phosphatase activity (0.3 tumol h-' -mg-' Chl); however, a dihydroxyacetone-P phosphatase activity of 2.7 umolh-I *mg-' Chl was found. Similar levels ofactivity were observed in extracts prepared from control or osmotically stressed cells.
HUSIC AND TOLBERT
The relative levels of the phosphatases in the extracts indicate that the primary route of glycerol synthesis from dihydroxyacetone-P may-be by the action of dihydroxyacetone-P phosphatase and dihydroxyacetone reductase. Similar activities of NADPdependent glycerol-P dehydrogenase and dihydroxyacetone reductase were observed (5 tmol * h-' mg-' Chl) in crude extracts; however, the glycerol-P dehydrogenase activity may have been in part due to the combined action of dihydroxyacetone-P phosphatase and dihydroxyacetone reductase.
